years that intense muscular work increases the uptake of sugar from the blood, even in the untreated diabetic patient (I, 2) . This has recently been studied in the diabetic anima1 by Ingle (3, 4) who showed that severe work can cause a drop in blood sugar to extremely low levels in diabetic animals receiving no insulin. He has also demonstrated that at the work intensities which he used, the effect of insulin and of work were additive.
On the basis of recent work on the action of insulin, we have postulated that this hormone effects a system which serves to transfer sugars of a definite chemical configuration from the extracellular fluid compartment into certain cells (muscle) (5, 6) . Some of the sugars responsive to the action of insulin are not utilizable by muscle. Under the influence of the hormone, they acquire a wider volume of distribution. Because of the similarity of the action of work to that of insulin in respect to blood glucose, we were led to investigate whether, like insulin, it would affect the entry of sugars on the basis of chemical configuration irrespective of utilization. In other words, does work, as well as insulin, act upon some 'cell surface barrier' which is the specific determining factor for the entry of sugars.
METHODS
Both eviscerated-nephrectomized dogs and rats were used. Pancreatectomy was performed on some of the dogs and the animals were allowed to recover for 7 days prior to use in an experiment.
During this interval S-IO u of a slow-acting insulin was administered daily for control of the diabetes. Insulin was with held for 48 hours before evisceration of the animal. Spinal cord section was performed in some of the rats by cutting the entire spinal column just below the ribs and controlling hemorrhage with pressure from a cotton pledg- 
RESULTS
Muscular work exerted an effect on the distribution of three of the sugars tested in rats. This 'responsive' group (fig. I) included d-galactose, I-arabinose and d-xylose. As we have previously reported in dogs (s), the final blood level achieved in eviscerated-nephrectomized rats by these three sugars corresponded to a distribution in some 40-45 % of body weight. Intense muscular work was accompanied by a wider area of distribution and these same sugars exhibited lower blood levels with work, corresponding to a final distribution in 65-70% of body weight, i.e., total body water.
By contrast, the blood levels of the remainder of the sugars tested failed to be influenced by simultaneous intense muscular contraction ( fig. 2) in the eviscerated-nephrectomized dog (6) and cerated-nephrectomized rat with work was presumably in the peripheral tissues of the rat demonstrated in the dog. The distribution in these experiments. Nevertheless, there is no of d-arabinose was unaffected by work while greater rate of disappearance of these keto-d-xylose behaved, as did d-galactose, by enterhexoses with work. ing total body water (6970% body weight) The effect of work on increasing the rate of with intense muscular contraction ( fig. 3) . glucose uptake by tissues has been shown to Since the contraction of the hind legs, thembe independent of insulin by its demonstration selves only a fraction of body weight, was proin an insulin-free depancreatized animal. Ac-moting the entrance of appropriate sugars into cordingly, this 'distributin .g' action of work on nonutilizable sugars was examined in eviscerated-nephrectomized dogs which had been depancreatized a week previously and deprived of insulin for 48 hours. Muscular work effected the same wider distribution of d-galactose into total body water in the diabetic preparation as in the eviscerated normal dog. The same distinction between 'responsive' and 'nonresponsive' sugars as found in the evistotal body water, a nervous and/or humoral pathway of influence was presumed. Accordingly, the upper lumbar cord was sectioned to isolate the hind legs neurologically. The cord section itself was without influence on the distribution of d-galactose in the evisceratednephrectomized rat (fig. 4) . Muscular work achieved the same result of promoting the distribution of d-galactose as found in the preparation with the spinal cord intact. The general systemic as well as local influence of work persisted despite the neurological isolation of the contracting muscles.
DISCUSSION
The postulation by this laboratory that insulin acts primarily to promote the faster entry of 'responsive' sugars, independent of any secondary utilization of such substances (5, 6) has led us to question the generally accepted notion that muscular work promotes increased uptake of glucose by virtue of increased rates of utilization of the sugar by the working muscles. The data in this report constitute a parallel phenomenon to that found for insulin, namely that muscular work promotes the entry into certain cells of appropriate sugars which have little, if any, access to these intracellular spaces at rest. Such sugars are not utilizable by the tissues of this preparation and this is a cellular entry phenomenon, independent of the known enzyme systems of metabolic utilization. Muscular work appears to be overcoming some cell surface barrier for certain sugars. These 'responsive' sugars are the same substances previously found to require insulin for transport across the presumed cell surface barrier. Indeed, the chart of sugars 'responsive' to insulin, as previously reported (6) , is equally applicable to the description of sugars 'responsive' to muscular work (see fig. 4 of preceding paper, 6). Those sugars which obtain access to the intracellular space of certain cells as a resu t of muscular contraction, exhibit a common chemical configuration about carbons I, z and 3, the same configuration seen in the structure of d-glucose. It is thus reasonable to postulate that the observed effect of work on increased glucose uptake is identical to the cellular entry phenomenon described here, even though the utilizable nature of glucose does not allow for the distinction between cell entry and intracellular utilization.
Despite the close parallel between the action of insulin and the action of muscular work outlined here, the same effect on glucose uptake, the same 'distributing' action on nonutilized sugars, and the same selective specificity of sugars with a d-glucose carbons I, z and 3 configuration for transport across cell surface barriers, muscular work is independent of the presence of insulin and is operative in the depancreatized, insulin-free animal. Since a local and neurologically isolated vigorously working muscle group can influence sugar uptake by the rest of the body, it can be assumed that the influence is humoral. The final blood level represents a distribution in 680/& i.e. total body water, the locally contracting muscles are exerting an effect throughout the entire animal despite cutting of the nerve connections to the working area, suggesting the involvement of a humoral factor.
We are, therefore, postulating that certain cells of the body (muscle primarily) exhibit a barrier of some sort at their surfaces to the entry of many sugars, and that a transport system, activated both by insulin and by a humoral agent of working skeletal muscle, operates to afford cellular entry to sugars possessing a particular chemical configuration. The actual independence or convergence of the insulin and work mechanisms, the limits of specificity of chemical configuration of sugars involved, and the relation of these phenomena to the behavior of the liver in relation to carbohydrates remain to be investigated. eviscerated-nephrectomized animal, the tissues are unable to utilize various sugars including isomers of glucose. Under such experimental conditions, muscular work promotes cellular entry of some of these sugars despite the absence of utilization. This constitutes a phenomenon parallel to that proposed by this laboratory for the action of insulin, i.e., a primary action on facilitating transfer of certain sugars across cell surface barriers. Just as in the case of insulin, work promotes cellular entry of sugars possessing the same chemical configuration as d-glucose at carbons I, z and 3. This action of muscular work is independent of insulin and is exhibited in the depancreatized preparation. Local muscular contraction acts to facilitate sugar entry into total body water and appears to be operating by a humoral mechanism.
It is thus postulated that both insulin and a humoral product of contracting skeletal muscle can activate a transfer mechanism for certain types of sugars across cell surface barriers.
